Magneto-responsive cell culture substrates that can be modulated in situ by Crippa, Federica et al.

	 9/"4 4 ?9)()-*
(,)+ +*4")-*B-)"94'
/+1' 
9*+ -:?)?B? B+?G /" )- - 
))- -)D9:)?G /" 9)/B9&
',)- : 9)9: % (0;II 9)/B9&
',):?9G 19?,-? -)D9:)?G /" 9)/B9&
&!""*  )&)!

)"&!&" &&   )&  !"
9) 9)11 99 /?'-(B?):'B:9 - +* ?9)()-*
	-9:?-)-& ?' )-?9?)/- ?E- ++: - ?')9 -D)9/-,-? ): "B-,-?+ "/9 ,'-/)/+/&G4
/ ,),) ?' 'D)/9 /" ++: )- 1'G:)/+/&)+ - 1?'/+/&)+ /-)?)/-: :G-?'?) :B:?9?: ,B:? 'D ?/1/(
&91')+ -=/9 ,'-)+ 19/19?): ?'? D/+D )- ?),4 G-,) :B:?9?: ,)-+G 9+G /- :?),B+)(9:1/-:)D
,?9)+: E'9 - F?9-+ :?),B+B: )-B: /-?9/++ D9)?)/-: )- ?/1/&91'G /9 ,'-):4 9)- E (
:9) ?' D+/1,-? /"  G-,) ++ B+?B9 :B:?9? E'9 ,'-)+ 19/19?): 9 9D9:)+G ?B- 
 B:)-& ,&-?)++G(9:1/-:)D :B1919,&-?) )9/- /F) --/19?)+: 2:34
-+!" 
&-?) --/19?)+: 5 
'-/)/+/&G 5 ?),B+)(9:1/-:)D :B:?9?:
 &!)&
&O&C4 $& $&D 8+ C&D&C / 16 668J& /6848.R /O& 4&$ J8 J/&
$&O&48;5&6J 6$ MD& 8+ 5.6&J1 668;CJ1 4&D <D=? /&D&
5J&C14D /O& +8M6$ ;;41 J186D 16 $1++&C&6J +1&4$D DM / D DJ8C0
.& 5&$1# 2&J ;C16J16.# /1./ .C$1&6J 5.6&J1 D&;CJ186# 180
D&6D16. 6$ 16 5&$1 16&?:
M& J8 J/&1C 5.6&J1 C&D;86D1O&6&DD# DM;&C;C5.6&J1 1C86
8Q1$& 668;CJ1 4&D <
D= /O& 4D8 &&6 MD&$ 16 J/& +1&4$ 8+
 &44 5& /61 D D 668D1S&$ ;C8&D J8 DJM$R J/& 5& /61 4 ;C8;0
&CJ1&D 8+  &44D 6$ J8 16O&DJ1.J& /8P  &44M4C &/O18C $&;&6$D 86
J/& &QJ&C64 &6O1C865&6J < (( 8J/&C  &44D 8C J/& &QJC &44M4C 5JC1Q
<==?L 
6 ;CJ1 M4C J/& C84& 8+  16 16+4M&6 16.  &44 58C0
;/848.R# 51.CJ186 6$ $1++&C&6J1J186 1D  J8;1 8+ C&4&O6J 16J&C&DJ
+8C J/& D 1&6J1+1  855M61JR?K*, C&O18MD4R# OC18MD DR6J/&J1  &44
 M4JMC& DMDJCJ&D 4& J8 5151 J/& 5& /61 4 6$ J8;8.C;/1 4
;C8;&CJ1&D 8+ J/&  /O& &&6 $&O&48;&$ J8 M6$&CDJ6$ /8P
 ;C8;&CJ1&D ++& J  &44 &/O18C?G*76R 8+ J/&D& DMDJCJ&D
C& DR6J/&D1S&$ DJCJ16. +C85 C&D;86D1O& ;84R5&CD J/J OCR J/&1C
 86+8C5J186 M;86 &QJ&C64 DJ15M4J186 <(( J&5;&CJMC&# 41./J#
;	= 6$ 151JJ& J/& $R651 &6O1C865&6J 8+  J/J  /6.&D
6$ &O84O&D  86J16M8MD4R? 
6 J/1D  86J&QJ# C&D;86D1O& 668;CJ1 4&D
DM / D 
D 8++&C 6&P ;8DD1141J1&D +8C J/& $&O&48;5&6J 8+ $R0
651  &44  M4JMC& DMDJCJ&DE J/&R  6 & 16 8C;8CJ&$ 16  ;84R0
5&C1 5JC1Q 6$  6 & &Q 1J&$ R  5.6&J1 +1&4$ J8 58$1+R J/&
5JC1Q  86+8C5J186 6$ ;C8;&CJ1&D R J/& 16$M J186 8+ /&J?:T*:L
( 
)!!& ! , !&"

D C& D  85;8D&$ 8+ D16.4&  CRDJ4D 8+ 5.6&J1J&
<&K-= 8C5./&51J& <0&LK= P1J/   8C& $15&J&C 8+ 8MJ -*L,
65? 8 DR6J/&D1S& J/&D& D D&O&C4  /&51 4 C8MJ&D /O& &&6
$&O&48;&$:K 6$ J/& DR6J/&J1 ;;C8 / .&6&C44R $&J&C516&D D1S&#
;84R$1D;&CD1JR# D/;&#  CRDJ44161JR 6$ DMC+ &? M435.6&J1J& 6$
5./&51J& $1D;4R JR;1 4 +&CC15.6&J1 &/O18C# P/&C&D J/&
668D1S&$ 5J&C14D D/8P $CDJ1 44R 4J&C&$ 5.6&J1 ;C8;&CJ1&D?
J J/& 668D 4&# 
D C&  85;8D&$ 8+ D16.4&  CRDJ4416& $80
516D <58680$8516 ;CJ1 4&D= D/8P16. D80 44&$ DM;&C;C5.0
6&J1 &/O18C?:-/& ;CJ1 4&D C& JR;1 44R MD&$ +8C (( 5.6&J1 
/R;&CJ/&C51 ;;41 J186D? /1D 5&J/8$ 1D +M6$5&6J44R 4163&$
J8 J/& 668D1S& 8+ J/& 5.6&J1 ;CJ1 4&D# P/1 /# P/&6 &Q;8D&$ J8
6 4J&C6J16. 5.6&J1 +1&4$ <=#:#:,$1DD1;J& /&J J/C8M./ C&0
4QJ186 48DD&D? R;1 44R# J/& /&J16. ;8J&6J14 8+ D $&;&6$D
86 J/& 5J&C14 1JD&4+ 6$ 1JD D1S& <$1DJC1MJ186= 6$ &6&C.R $1DD1;0
J186  6 8  MC &1J/&C J/C8M./ J/& ;/RD1 4 C8JJ186 8+ J/& ;CJ1 4&D
J/&5D&4O&D 16 J/& +4M1$ <C8P616 C&4QJ186=# 8C C8JJ186 8+ J/&
J851 5.6&J1 585&6JD P1J/16 & / ;CJ1 4& <'&4 C&4QJ186=?
' &!&  " +& 
&44 5& /61 D $&D C1&D J/& C&4J186D/1; &JP&&6 +8C & 6$  &44
DJCM JMC& 6$ 8C1.16J&D +C85 J/& P&440&DJ41D/&$ 368P4&$.& J/J
&M3CR8J1  &44D C& 4& J8 .&6&CJ& 6$ P1J/DJ6$ 5& /61 4 +8C 0
&D 16 J/&1C &6O1C865&6J?:G 8C &Q5;4&# &6$8J/&414  &44D D1JMJ&$
16 J/& 16J&C18C ;CJ 8+ 488$ O&DD&4D C& DM2& J&$ J8 D/&C DJC&DD#:F
P/14&  /86$C8 RJ&D 48 J&$ 16 J/& 5&61D MD  CJ14.& 5164R DMD0
J16  85;C&DD186?:) J J/& D5& J15&  &44D 5& /61 44R 16J&C J
P1J/ J/&1C DMCC8M6$16. < ((  6$ 6&1./8C16.  &44D=# $;J J/&1C
DJCM JMC& 6$ &/O18C   8C$16.4R# 6$  6 58$1+R J/& ?K*,#:7
/& $/&D186 &JP&&6 J/&  &44D 6$ J/& &QJ&C64 &6O1C865&6J
5164R 8  MCD J/C8M./  D&C1&D 8+  &44 $/&D186 584& M4&D  44&$
16J&.C16D# P/1 / C& JC6D5&5C6& C& &;J8CD?LT 
6 J/& ;C&D&6 &
8+ /1./ 41.6$ $&6D1JR# 16J&.C16D 51.CJ& 6$  4MDJ&C 86 J/&  &44M4C
5&5C6&? D J/& &QJC &44M4C  85;86&6J 16$D  41.6$D# J/&
16JC &44M4C $8516 M6$&C.8&D   86+8C5J1864  /6.& 6$ JC1.0
.&CD J/& +8C5J186 8+ J/& +8 4 $/&D186  85;4&Q? /&D&  85;4&Q&D
 J1OJ& 16JC &44M4C ;J/PRD# J/MD DJC&6.J/&616. 6$ 8C1&6J16.
1
htt
p:/
/do
c.r
ero
.ch
Published in "CHIMIA International Journal for Chemistry 73(1): 51–54, 2019"
which should be cited to refer to this work.
K DMDJCJ&D  86J1616. ;/8J80 4&O4& .&6JD  6  /6.& C10
.1$1JR# J8;8.C;/R 6$  C8DD416316. CJ18 M;86  1CC$1J186 6$
/O& &&6 MD&$ 16 J/& ;C&D&6 & 8+  &44D J8 DD&DD  &44 58C;/840
8.R#K7*-: 58J141JR#KT#-: 51.CJ186-L#-K 6$ J8 JC1..&C ;/&68JR;1 
 /6.&D?K7#-T &D;1J& J/& &QJ&6D1O& MD& 8+ ;/8J80 4&O4& DM0
DJCJ&D# 864R +&P P8C3D P/&C& J/& DMDJCJ& DJ1++6&DD 1D 16 C&D&$
/O& &&6 C&;8CJ&$?--*-F &O&CJ/&4&DD J/&D& P8C3D C& &4&.6J
D84MJ186D J8 DJM$R J/&  &44M4C C&D;86D& J8 DJ1++&616.?

6 .&6&C4# 41./J0C&D;86D1O& DMDJCJ&D C&  48D&C J8 J/& 6JM0
C4  P/&6  85;C&$ J8 J&5;&CJMC&0D&$ C&D;86D1O& 86&D?
	8P&O&C# 16 458DJ 44 J/& 5&6J186&$  D&D DJ15M4J186 1D 68J C&0
O&CD14& D16 & J/& ;C8;8D&$ DMDJCJ&D M6$&C.8 1CC&O&CD14& $&.C0
$J186 8C DJ1++&616.?
 '  
"!!
68J/&C DJCJ&.R J8 ;C8O1$& 5& /61 4 $R651 DJ15M4J186
86  &44D /D &&6 ;C8;8D&$ R 6.C6BD .C8M; 6$ 1D D&$ 86
0 C8DD4163&$ /R$C8.&4D?-)#-7 316. $O6J.& 8+ J/& /1./
++161JR 8+  P1J/  85;4&5&6JCR D&@M&6 &D# ;1C&$ 841.86M0
 4&8J1$&D  6 & D&4& J1O&4R +8C &$ 8C C&58O&$ R &4& JC8;/8C&D1D
16D1$& J/& /R$C8.&4? /1D 4&$D J8  /6.&D 16 J/&  C8DD416316. CJ18
6$ J/&C&+8C& 16 J/& 8O&C44 DJ1++6&DD 8+ J/& DMDJCJ&?,T

6 .&6&C4 0D&$ DJ1++&616. ;C8 &DD&D C& C&4J1O&4R D48P
6$ J/& JC6D1J186D C& 68J D/C;# P/1 / 4151JD J/& +4&Q1141JR 8+
J/&D& DMDJCJ&D 16 J&C5D 8+ $R651 DJ15M4J186?
 % 	# 
"!!  
 "

6 $$1J186# 8J/&C D84MJ186D /O& &&6 ;C8;8D&$? 8C &Q5;4&#
;	0C&D;86D1O& DMDJCJ&D  ;4& 8+ 16 C&D16. J/&1C DJ1++6&DD M;
J8 -T0+84$ P&C& $&O&48;&$ R8D/13P . !?) 6$ 1860C&D;860
D1O& K D ++84$D 5$& 8+   844.&604.16J& 5JC1Q,: P&C& MD&$
J8 16O&DJ1.J&  &44D 58C;/848.R M;86 $R651 DJ15M4J186? J/&C
D84MJ186D C& D&$ 86 J/& 16 8C;8CJ186 8+  /&51 4  M&D J/J  6
JC1..&C 1 /&40JR;& $$1J186 C& J186D#,L 16 J/& DMDJCJ&D 8C 16
J/& ;C&D&6 & 8+ DM;C584& M4C /R$C8.&4D?,K
O&6 J/8M./ ;/RD1 4 6$  /&51 4 C&D;86D1O& DMDJCJ&D ;C80
O1$& 18 85;J14&  /6.&D 16 DMDJCJ& 5& /61 4 ;C8;&CJ1&D#
J8 $J& J/&R /O& 68J +8M6$  C8$ ;;41 J186 16 185& /61 D
D16 & 4C.& ;	 6$ 186D OC1J186D 5R 16J&C+&C& P1J/  &44D 6$
4151J J/& 8O&C44 18 85;J1141JR 8+ J/& DMDJCJ&D?
 &!""* 
)"&!&"
.6&J1 51 C80 6$ D  6 & C&58J&4R  86JC844&$ MD16. 
5.6&J1 +1&4$ 6$ J/&C&+8C& 8++&C J/& ;8DD1141JR J8  C&J& 5.6&0
J80C&D;86D1O&  &44  M4JMC& DMDJCJ&D J/J  /6.& J8;8.C;/R 6$
5& /61 4 ;C8;&CJ1&D 86 $&56$?:T*:L#,- R&C . !?:L $&O&40
8;&$ 5.6&J80 J1O& &4DJ85&CD <0D&$= J/J JM6&$ DJ1++0
6&DD 6$ J8;8.C;/R P/&6 DJ15M4J&$ R DJJ1 6$ 8D 144J16.
5.6&J1 +1&4$# C&D;& J1O&4R?

68MCC& &6JP8C3P&/O&DR6J/&D1S&$J/&C580C&D;86D1O&5.0
6&J1 DMDJCJ&D DJCJ16. +C85 
D 6$ 01D8;C8;R4 CR451$&
<
= <1.? :=?,- /& 8J16&$ 668 85;8D1J& DMDJCJ&D
P&C& 4& J8  R 41 44R  /6.& ;/D& P/&6 &Q;8D&$ J8 6 4J&C0
6J16. 5.6&J1 +1&4$ D16 & 
D  J D /8JD;8JD P/1 / /&J
M; J/& DMCC8M6$16. J/&C580C&D;86D1O& 5JC1Q? 
6 .&6&C4# J/&D&
DMDJCJ&D ;C&D&6J&$ D85& 16J&C&DJ16. +&JMC&D J/J 5$& J/&5
;;&416. +8C  &44  M4JMC&# D16 & J/&R P&C& 18 85;J14& +8C +10
C84DJ  &44D 6$ J/& DJ15M4J186 8  MCC&$  48D& J8 ;/RD1848.1 4
J&5;&CJMC& <KF %=? 8C&8O&C ;/D& JC6D1J186 PD JM6&$ $8P6
J8  6CC8P J&5;&CJMC& C6.& <L*K %= 6$ PD C&O&CD14&?,-
	&C& P& C&;8CJ 86 J/&  /C J&C1SJ186 8+ J/&C580C&D;86D1O&
5.6&J1 DMDJCJ&D M14$16. M; 86 8MC ;C&O18MD P8C3,- 6$ P&
;C8;8D& ;C&41516CR &Q;&C15&6JD J/J 64RS& J/& &++& JD 8+ 5.0
6&J80J/&C54 DJ15M4J186 86  &44D?
D 
D P&C& ;/RD1 44R JC;;&$ 16 J/& ;84R0
 50
JC1Q#  85;8D1J186 64RD&D 86 J/& DMDJCJ&D P&C& ;&C+8C5&$ J8
J/&  RJ8D3&4&J86 P/1 / 6 /8CD J/&  &44 5& /61 44R J8 J/& 
J/C8M./ J/& +8 4 $/&D186? /1D 448PD J/&  RJ8D3&4&J86 J8  86JC J
6$ JC6D51J 51 C80+8C &D 16D1$& J/&  &44?L: 8C&8O&C#  86JC J14&
 J1O1JR 16+4M&6 &D  &44 D/;& 6$ &4DJ1 1JR 6$ $&J&C516&D  J1O0
J186 8C 16/11J186 8+ 18 /&51 4 D1.64416. J/C8M./   85;4&Q D&C1&D
8+ ;J/PRD C&.M4J16. $1O&CD&  &44 +M6 J186D?- /& ;C8 &DD 8+  860
O&CD186 8+ 5& /61 4 DJ15M41 16J8 18 /&51 4 6$584& M4C  J1O0
1JR 1D $&+16&$ D 5& /68JC6D$M J186 6$ 16+4M&6 &D  &44D +M6 J186D
DM / D 51.CJ186# ;C841+&CJ186# ;8;J8D1D 6$ $1++&C&6J1J186?LL#LK
 
-&& 	""* 
)"&!&" & 
  &!&
&44 $1++&C&6J1J186# 51.CJ186 6$ 58C;/848.R $&;&6$ 86
J/& C1.1$1JR# O1D 8D1JR 6$ J8;8.C;/R 8+ J/&  P/1 /  /6.&D
 # 2 2% $MC16. J1DDM& $&O&48;5&6J# C&58$&4416. 6$ $1D&D&?K
MCC&6J4R# J/& 528C1JR 8+ J/& DJM$1&D J/J 15 J8 &4M 1$J& /8P
 &44M4C ;/&685&6 C& $&;&6$&6J M;86  .&85&JCR 6$
5& /61 D +8 MD 86 DJJ1 DR6J/&J1 DMDJCJ&D P/&C&  &44D 16J&C0
 J P1J/  $&+16&$ J8;8.C;/1 4 +&JMC& 8C 5J&C14?K#-#G#7#L-*LG
4J/8M./ J/&D& DJM$1&D C&  CM 14# ;DD1O& DMDJCJ&D C& 68J DM+0
+1 1&6J J85151 J/& 6JMC4 &6O1C865&6J 8+  &44D# P/1 / M6$&C.8&D
C&58$&4416. 16 ;/RD1848.1 4 8C ;J/848.1 4  86$1J186D?LF
8 8O&C 85& J/1D 4151JJ186# $1++&C&6J ;;C8 /&D /O& &&6
$&O&48;&$# 16 4M$16. J/& MD& 8+ DJ15M410C&D;86D1O& ;84R5&CD D
 &44  M4JMC& DMDJCJ&D? 8 & 58C& D;& 1+1 # OC1&J1&D 8+ DMDJCJ&D
P&C& +C1 J&$ P/1 / 4J&C J/&1C DJ1++6&DD 6$ J8;8.C;/R $M& J8
 /6.&D 16 J&5;&CJMC&#F#L)#L7 41./JKT 8C ;	?) /&D& C&D;86D1O&
 &44  M4JMC& DMDJCJ&D ;C&D&6J $O6J.&D 8O&C DJJ1 86&D? 1CDJ#
J/&1C 5& /61 4 ;C8;&CJ1&D 6$ J8;8.C;/R  6 & 4J&C&$  # * .1
<(( 16 ;C&D&6 & 8+ J/&  &44D= 6$ 1J 1D J/&C&+8C& ;8DD14& J8 DJM$R
 /6.&D 16  &44 58C;/848.R# $/&D186 6$ 51.CJ186 16 C&4 J15&?
J15M4J186 1D 8+J&6 C&O&CD14&#  (( DMDJCJ&D  6  /6.& &JP&&6
JP8 $1++&C&6J  86+8C5J186D D&O&C4 J15&D < (( +4JH.C88O&$ DMC0
+ &# D8+JHDJ1++ DMDJCJ&=? /1D 316$ 8+ $R651 DJ15M4J186  6 &
16J&C&DJ16. +8C  &44 5& /61 D 16O&DJ1.J186D D 1J .1O&D 58C& 160
D1./JD 16J8 $R651  &44M4C &/O18C? /& +8448P16. DMD& J186D
8++&C  D /&5J1 8O&CO1&P 8+ J/& DJJ& 8+ J/& CJ P/&C& C&D;86D1O&
DMDJCJ&D C& MD&$ J8 DJM$R  &44D 5& /61 D?
  !"# 
"!!
&5;&CJMC&0C&D;86D1O& ;84R5&CD P1J/   MDJ851S&$ 48P&C
 C1J1 4 D84MJ186 J&5;&CJMC& <= 6&C ;/RD1848.1 4 C6.&
< (( KF %=  6 & MD&+M4 J8 $&O&48; $R651  &44 DMDJCJ&D# D16 &
J/& DJ15M4J186 < ((  /6.& 16 DJ1++6&DD# O1D 8D1JR 8C J8;8.C;/R=
 6 & &D14R $&41O&C&$ R OCR16. J/& J&5;&CJMC& 8+ J/&  &44
 M4JMC& 5&$1M5? 8 +C J&5;&CJMC&0C&D;86D1O& DMDJCJ&D /O&
&&6 &5;48R&$ J8 16O&DJ1.J& J/&  &44M4C C&D;86D& J8 5& /610
 4 DJC&J /16.#K: DMC+ & C8M./6&DDL7 6$ J8 ;C8O1$& C&O&CD14&
&6 ;DM4J186 8+ $/&C&6J  &44D?F
& 86+1.MC4& 51 C80 6$ 6680J8;8.C;/1 4 DMDJCJ&D /O&
&&6 15;4&5&6J&$ DJCJ16. +C85 D/;& 5&58CR ;84R5&CD J/J
 /6.& J/&1C J8;8.C;/R 6&C ;/RD1848.1 4 J&5;&CJMC&?L)#KL*K)
O&6 1+ J/& J8;8.C;/1 4 JC6D1J186 1D  D16.M4C &O&6J 6$  668J &
C&;&J&$  R 41 44R# D/;&5&58CR DRDJ&5D /O& &&6  +M6$5&6J4
J884 J8 DD&DD J/& C84& 8+ 668J8;8.C;/R 6$ DJC16 16  &44 41.60
5&6J#L)#K-#K, J8 16O&DJ1.J& J/& C84& 8+  J16 16 J/& C&.M4J186 8+  &44
58C;/848.RKK 6$ J8 $1C& J DJ&5  &44D $1++&C&6J1J186?K,
&.C$16. J&5;&CJMC&0C&D;86D1O& DMDJCJ&D# 1J 1D 15;8CJ6J
J8 68J& J/J J/& 16+4M&6 & 8+ J/& J&5;&CJMC& 1JD&4+ 86  &44M4C &0
/O18C /D 68J &&6 +M44R  4C1+1&$ R&JE 4J/8M./ D&O&C4 MJ/8CD
/O& 68J 68J1 &$  D1.61+1 6J &++& J 86  &44D#L)#K, & . !( /O&
8J16&$ $1D C&;6J C&DM4JD?KL
 ( !# 
"!!
6& 8+ J/& 58DJ &Q;48C&$ ;;C8 /&D J8 ;C8O1$& $R651 
DJ15M4J186 1D D&$ 86 ;/8J80C&D;86D1O& DMDJCJ&D P/&C& 
41./J 1D JM6&$ J8 & 686016OD1O& 6$ 18 85;J14&?KT#K7 L 6$
2
htt
p:/
/do
c.r
ero
.ch
16  D1.61+1 6J 16 C&D& 16 J/& $/&D186 8+ J/&  &44D J8 J/& DMC+ &
<1.? K 6$ 1.? K=?

6  86 4MD186# +8C J/& ;C8;8D&$ 5.6&J1 J/&C580C&D;86D1O&
DMDJCJ&D# J/& $/&D186 C& 8+ 
	 KK +1C84DJD PD 16+4M0
&6 &$ R J/& DMDJCJ& 5& /61 4 ;C8;&CJ1&D? MC C&DM4J 1D 16
.C&&5&6J P1J/ D&O&C4 D 1&6J1+1 ;M41 J186D?L7*K:
$ "   )"&"
C&D&6J4R# J/&C& C& +&P DJM$1&D C&;8CJ16. 5.6&J80C&D;86D1O&
DMDJCJ&D O144& 16 41J&CJMC&? &D;1J& J/1D# DMDJCJ&D P/1 /
$&J&C516& J/& &Q J  86 &6JCJ186 8+ 
D 6$ J8 @M6J1+R ;80
J&6J14 
D 4&3.& +C85 J/& DMDJCJ&? 8 $8 D8# J/& DMDJCJ&D
P&C& $1.&DJ&$ 16  4 51 C8PO& 6$ J/& 1C86 PD @M6J1+1&$
R 
6$M J1O&4R 8M;4&$ 4D5 ;J1 4 51DD186 ;& JC8D 8;R
<
0=? C85 J/&D& 64RD&D P& 8D&CO&$ J/J ;;C8Q15J&4R
KT> 8+ J/& J8J4 
D MD&$ $MC16. DR6J/&D1D 4&3&$ +C85 J/&
DMDJCJ&D $MC16. J/& ;8DJ0DR6J/&D1D  4&616. ;C8 &DD? /&C&+8C&#
+MCJ/&C &Q;&C15&6JD D/8M4$ JJ&5;J J8  /&51 44R  C8DD04163 J/&

D J8 J/& ;84R5&C1 5JC1Q? 8 $8 D8# DR6J/&J1 DJCJ&.1&D
5R 16O84O& J/& MD& 8+ 
D +M6 J18641S&$ P1J/ D;& 1+1 
;84R5&CD J/J ;C&D&6J  CR41  1$ 8C  CR4 51$& .C8M;D 4& J8
 C8DD4163 P1J/ 
,, 8C J/& 
D DMC+ &D  8M4$ & MD&$ J8
$1C& J4R DJCJ J/& ;84R5&C1SJ186 8+ ;84R0
?,G
/& 5& /61 4 ;C8;&CJ1&D 8+ J/& C&DM4J16. DMDJCJ&D P&C&
J&DJ&$ J J/& 5 C80 6$ J/& 51 C80D 4& J J&5;&CJMC&D &48P
6$ 8O& J/& ;/D& JC6D1J186? 61Q14 DJC&DD0DJC16 J&6D14& J&DJD
<1.? L= 6$ @MD10DJJ1 J851 +8C & 51 C8D 8;R <= DMC0
+ & 16$&6JJ186D <1.? L= /1./41./J&$ J/& &++& J 8+ J&5;&CJMC&
86 J/& M43 6$ 86 J/& DMC+ & &4DJ1 58$M41# C&D;& J1O&4R? /&
M43 &4DJ1 58$M4MD 16 C&D&$ M;86 ;/D& JC6D1J186 R  + J8C 8+
:?, <+C85 K: % J8 KG %= 6$ J/& 8J16&$ O4M&D P&C& 16 J/& D5&
8C$&C 8+ 5.61JM$& D C&;8CJ&$ +8C D1514C ;84R0
0D&$
D8+J 5J&C14D?,F#,) J J/& 51 C80D 4& J/& DMC+ & &4DJ1 58$M4MD
$&;&6$&$ 86 J/& &6O1C865&6J4 J&5;&CJMC& 6$ 16 C&D&$ M;86
;/D& JC6D1J186? 	1./ OC1141JR 16 J/& 5&DMC&D 8+   8M4$ &
 8CC&4J&$ P1J/ 16/858.&6&1JR 8+ J/& DMC+ & 5& /61 D 8C P1J/
J/& 16JC16D1 4151JJ186D 8+ J/& @MD10DJJ1  5&J/8$?,7
8 16O&DJ1.J&  &44M4C &/O18C#  D&C1&D 8+ &Q;&C15&6JD P&C&
;&C+8C5&$ R DJ15M4J16. J/& DMDJCJ&D P1J/ 6 ? 
6 J/&D&
&Q;&C15&6JD 
	 KK +1C84DJD P&C& D&&$&$ 86 DJ&C141S&$ J/&C0
580C&D;86D1O& 5.6&J1 DMDJCJ&D 6$  M4JMC&$ +8C L /8MCD J
K: %? /&6 J/&R P&C&  M4JMC&$ 16 J/& ;C&D&6 & 8+ 6# P/1 /
D/8P&$ 68 $O&CD& &++& JD 86 J/&  &44D <5.6&J1 +1&4$" :-?F 3H5#
+C&@M&6 R" ,LK?, 3	S= 8C J K: % +8C : /8MC? 
6O&DJ1.J186 8+  &44
C&D R 4D&C D 6616. 51 C8D 8;R <= 6$ DJJ1DJ1 4 64RD1D
C&O&4&$ J/J 05&$1J&$ DJ1++&616. 8+ J/& DMDJCJ&D C&DM4J&$
)&4 04 
(: :B:?9?: 9 /?)- G 1/+G,9)H?)/- /"
():/19/1G+9G+,) 2
3 - 8(,?'G+-):29G+,)3 23
)- 19:- /" )?9) ) /? : "/++/E)-&  19D)/B:+G 91/9?
,?'/4$%
)&4 A4 
9/( 23 - ,)9/(:+ 23 ,'-)+ '9?9)H?)/- /" :B(
:?9?: +/E 2@0 3 - /D 2@< 3 1': ?9-:)?)/-4 ' B+* +:?)
,/B+)  - ?' :B9" /-:  E9 +B+? B:)-& B-)F)+ :?9::(
:?9)- ?-:)+ ?:?: 23 - 6B:)(:??) 
 :B9" )--??)/-: 234
)&4 @4 ++B+9 ':)/- F19),-?: /- :B:?9?: ? @0  - :?),B(
+? G - 
4 	
 ),&: 23 - ?' -+G:): /- ?' ++ ':)/-
9 23 9D+ ?' ""? /" ?' 
 :?),B+?)/- /- ++ ,/91'/+/&G4
1/- 
(,)? 1': ?9-:)?)/- ?'  @@ #9/+:?: E9 ,/9
19/- ?/ '9 - :19 /- ?' :B:?9?: )- /,19):/- ?/ ?'
++: B+?)D? ? @0 4 ??):?)+ :)&-)#- E: ?9,)-  
/-(EG  /,19):/- /" &/,?9) ,-: - B*G7: '/-:?+G
:)&-)#-? )""9- ?:? 21(D+B ! I4I$34 -)?:  :??):?)++G :)&(
-)#-? )""9- "9/, ?' :,1+ ? @0 4 + 9 $I C,4 B':)
:?)- "/9 (?)- G?/:*+?/- +)&'? +B :?)- "/9 ?' -B+B:4
3
htt
p:/
/do
c.r
ero
.ch
:L ? R&C# ? 16$C6J/# ? 9C6&C# ? 	9C6&C# ? &6JS# ? 4.$8# 	?
	6# 	? 9D&# ? C8DJ# ? /58616# 
% # 
	# # &FG:7G?
:K ? ? M;J# ? M;J#  %".) !* 
# 0,# K77,?
:- ? ? 8C6&44# ?  /P&CJ566# A/& 
C86 Q1$&DB# 	 &16/&15#
&C56R# ?
:, ? ? 8D&6DP&1.# 	( #( #( .)( 

# 00# KFT?
:G ? 8&&6$CCR# ? ? 	CC1D# * 3*.(  %!( ( 
# ,# KF:?
:F ? MC6DJ8 3# 	( #.( 7# &$# KK,?
:) ? ? M# ? 	&CS8.# 	(  %"( 
# /$# GTK?
:7 ? ? &6J86# ? ? 1C63D# ? ? 6D&J/#  %".) !* 
# /4# G,7K?
LT ? ? 4&4$# ? ? M 3#  	( # # L)G)?
L: ? ? C1.# ? ? 8/6D86# 1))( ' #( !!  %!( # # F-?
LL ? ? 
6.&C# ##( ( 
	# /# ,G-?
LK ? R 356D# ? 8M$8M# ?M# ? ? /&6# 2( !! 
# 0&# K,?
L- ? ? 4&5516.# ? ? MC;/R# ? ? C5D# ? ? 88$56# ? ? &4&R#
 %".) !* # 04# ,FK?
L, ? MCJ1D# ? 14316D86#  %".) !* # &# :,FK?
LG ? ? 8# 	? ? 6.# ? &58#? ? 6.#  %'3*( 	( 
# +$# :--?
LF ? &46C# ? 14&R# ? 5C3842# 	( #.( ( *( 
# /+# :,L)?
L) ? ? O1D# ? ? MC3&# ? ? J/&C# ? 	? 	&6$&CD86#  %".) !* 
#
/0# LL),?
L7 ? J8# ? C# ? 8R.1# 	( %!(  ( 
# &# :,::?
KT ? ? C&R#? 6.# %. ..) 
# # :7:)?
K: ?531# 
? 	C$# ? 8J8# ? ? /8# ?313&#  %".) !* 
# /4#
:-L:?
KL ? ? &# ? M46.C# ? ? $4&C# ? ? &86.# ? ? D/R# 2( .)(

# 0/# KLF)?
KK ? C# ? J8# ? 
$8J# ? ? 	8++56# ? 8R.1# #.( 	( #%"  #

# $# ::F?
K- ? C# ? J8# ? 
$8J# ? ? 	8++56# ? 8R.1# 2( .)( 

# 0#
LFK?
K, ? 86.# ? /8# ? 6.# ? 1# 	? /&6# ? /&6# ? /8M# 2( !.(
.)( 
# /# :GT)?
KG ? J8# ? 8R.1# ? ? &8C&DJ# ? ? 	8++56# ? C# 2( !.(
.)( 
# , :?
KF ? ? &6.DJ&# ? J8# ? ? ? 51J/# ? C63&4# ? 1D/&C# ? PD# ?
 $6.$6.# ? C# ? 	? 15#  %".) !* 
# ,# :?
K) ? 8D@M&1C# ? .41C1# ? J8# ? C# ? 856SS8# ? D 8&$80
M &# ? 361D/1# ? 61.M /1# ? C6S&D&# ? 1 C$8#  #%

# # LTKK?
K7 ? ? 48Q16# ? ? &6J86# ? ? 6D&J/#  1!  ** 1.%)
#1*)( 
# /&# :?
-T ? ? 1CD /6&C# ? ? 6D&J/# "!! 
	# $# ,F)?
-: ? ? 48Q16# ?? 11JJ# ? ? D38# ? ? 1C1C6# ? ?6D&J/# 2(
.)( 
# 00# G:?
-L ? ? 48Q16# ? ? D38# ? ? 416D# ? ? 6D&J/#  # 
# /0#
,7?
-K ? 8!&C# ?  /1;/8CDJ# ? 	&6$C13Q# 	? ? DD# ? & 4(C&# ? ?
 /&6616.# ? 863/&125# 2( .)( 
# 0$# :?
-- ? MO&6$1C&6# ? ? MC$1 3# .( %""1#( 

# /# F7L?
-, ? ? 41C1# ? &C&;&4RM3# ? ? 8D.C8O&# ? ? D1# ? ? &&# ? ?
M 3# ? ? &44D# ? ? MC$1 3#  ( '( 
# ,# :?
-G ? ? 8D4&D# ? ? CR# ? ? &/4D# ? ?6D&J/#  %")%"%!1!*

# &,# F7)?
-F ? ? &/# ? ? 8C16# ? ? 41C1# ? MR6.# ? ? &.# ? CM1JJ# ?
	6# ? ? C.M41&D# ? ? MC$1 3#  %".) !* 
# &# LK?
-) ? ? 16.# ? MC3&# ? ?  /48DD# ? 1C&DJ&16# ? ? 6.C6#
 %".) !* 
# /&# ::77?
-7 ? ? C&O1J&C# ? ? C8MJ# ? &C5# ? /1;;$# ? ?  /48DD# ? ?
6.C6# ##(  %"( #( 

# 4# :TG:?
,T ? ? 16# ?MC3&# ? ? 6.C6# 	( .)( *( 
# 04# :-,G?
,: ? ? 144&JJ&# ? ? &6D&6# ? 6.# ?  /8# ? ? 1# 2( .)( 
#
00# G)G?
,L ? ?8M6.# ? ? 6.4&C#  %".) !* 
# /0# :TTL?
,K ? 	9C616.# ? 3/J# ? 163&# ? 558J8# ? &D /.161# ?
M+566#? 3D/15# ? 	C$# ? 63#  ( '( 
# +# :?
,- ? C1;;# ? ? 88C&# ? 8CJJ8# ? &&CD# ? 	&61# ? ? 	1CJ# ?
8J/&60MJ1D/MD&C# ? &JC10163# 	( #( #( .)( 
# 0+# L:L?
,, ? 1# ? ? CC&JJ# ? ? &DD&CD51J/# ? 	84J&606$&CD&6#  #%

# &4# :K:F?
,G ? C# ? /8$$MDJ# ? 338 # ? J3MC# ? ? C1JD# ? 8SM 13# 	?
. 1  C# 	( .)( "(  
# ,# L)7?
,F ? ? 	@#? M# ? 6.#  ( #(  
# +4# )-L?
,) ? 1M# ? ? O&CJ# ? ? D86# 	( .)(  ( .)( ( 
# &$# :):,?
,7 ? ? 	O146$# ? ? O6 RD$&6# ? 8C //&15&C# ? 4JS# 	? DD# ?
& 4(C&# %. ..) 
# &0# G:7?
GT ? ? C/5# 	( ''!( 3*( 
# /# )LFG?
G: ? 8668C$# ? 4&C # ? 	4441# ? 4 	22 1# ? 8MC5R# ? 1.8MQ# ?
CC&R# "!! 
# &&# L-KF?
GL ? 886# ? 1# ? M8# ? ? 	RPC$# %. ..) 
# ,# GTT-?
;;4R 
D D  JMJ8CD  8M4$ ;C&D&6J $O6J.&D" 
D C&
18 85;J14&# J/& 5.6&J1 +1&4$D  6 &  85;J14& P1J/  &44
DMCO1O4# 6$ J/& +1&4$D  6 & 48 41S&$ O&CR D;& 1+1 44R 86  +&P
 &44D? MCJ/&C58C&# J/& DMDJCJ&D  6  /6.& ;/D& C&O&CD14R 6$
J/&R  8M4$ & MD&$ J8 $&41O&C $R651 5& /61 4 DJ15M4J186 J8
J/&  &44D 6$ DJM$R J/& &++& J 8+ C&;&J&$ 5& /61 4 OC1J186D 86
J/&  &44 $/&D186 &/O18C?
	8P&O&C# J/&C& C& D85& ;8DD14&  /44&6.&D J/J 4151J J/& $&0
O&48;5&6J 8+ 5.6&J80C&D;86D1O& DMDJCJ&D? & /61 4  /44&6.&D
C& 5164R C&4J&$ J8 J/& DJ15M4J186 1JD&4+#  (( J/&? ;&CJ16.
 51 C8D 8;& 8C  5& /61 4 J&DJ16. $&O1 & 16 J/& ;C8Q151JR 8+ 6
 1D  /44&6.16. D 1J 16$M &D &$$R  MCC&6JD 16 J/& 5&J441 ;CJD
8+ 16DJCM5&6JD# ;8J&6J144R C&DM4J16. 16 8O&C/&J16. 8+ J/& 16DJCM0
5&6J 6$ ;8DD14& $5.&?GT 8C&8O&C#  855&C 144R O144&
 .&6&CJ8CD P144 8+J&6 $1DD1;J& /&J +J&C D85& J15& 4151J16.
J/& ;8DD1141JR J8 ;&C+8C5 486.0J&C5 5.6&J1 DJ15M4J186 &Q;&C10
5&6JD 86 J/& DMDJCJ&D < (( :L 8C L- /8MCD=? D& 8+ 6 4151JD
J/& ;8DD1141JR J8 O1DM41S& J/& &/O18C 8+ 
D 16 J/& DMDJCJ&
< ((  84481$4 DJ141JR# ..C&.J186# C8P616 58J186=?
8DD14& D84MJ186D /O& &&6 C& &6J4R ;C8;8D&$? 8 15.&  &44D
$MC16.  DJ15M4J186# 8668C$ . !?G: /O& $&O&48;&$  6&P
D&J0M; P/&C& J/& 5.6&J1  814 PD 5161JMC1S&$ 6$ PD ;4 &$
16  48D& ;C8Q151JR J8   86+8 4 51 C8D 8;&? 8C&8O&C#  ;8DD14&
5&J/8$ J8  /C J&C1S& J/& 5& /61 4 ;C8;&CJ1&D 16 J/& ;C&D&6 & 8+
6P8M4$ 16O84O& 8;J1 4 5&DMC&5&6JD 8+ J/& DMDJCJ&  MCO0
JMC& $MC16. J/& $&0DP&4416. ;C8 &DD?GL /&D& &Q;&C15&6JD# ;C8;8D&$
R886 . !?GL P&C& ;&C+8C5&$ 86 
/R$C8.&4D DP&4416. 16
PJ&C 6$  8M4$ & ;8J&6J144R C&;&J&$ 16 J/&  D J/&R $8 68J
6& &DD1JJ&  51 C8D 8;& 8C  5& /61 4 J&DJ16. $&O1 &? 	8P&O&C#
J/&D& C&  85;4&Q  MDJ8505$& ;4J+8C5D 6$ J/&D& 64RD&D  6 &
$&56$16. 16 J&C5D 8+ 5&J/8$848.R 6$ 16DJCM5&6JJ186?
# )&  )"
O&C44# J/& 141JR 8+ 
D J8 ;C8$M & /&J M;86 
DJ15M4J186 C&6$&CD J/&D& 668;CJ1 4&D &QJC&5&4R ;;&416. +8C
J/& DJM$R 8+  &44 5& /61 D? /1D +1&4$ 1D 16 C&D16.4R C&4R16. 86
C&D;86D1O&  &44  M4JMC& DMDJCJ&D J/J 448P  # * .1 561;M40
J186 8+ J/& 5& /61 4 6$ J8;8.C;/1 4  M&D 8+ J/& DMDJCJ&D?
	&C&16# P& /O& ;C&D&6J&$ D&O&C4 JR;&D 8+ C&D;86D1O&  &44  M4JMC&
DMDJCJ&D 6$ /O& D/8P6 /8P  &44 5& /61 D DJM$1&D  6 ;8J&60
J144R &6&+1J +C85 J/& 15;4&5&6JJ186 8+ 
D 16 C&D;86D1O&
 &44  M4JMC& DMDJCJ&D? 8  86 4M$&# P& /O& $1D MDD&$ D85&  /40
4&6.16. D;& JD C&4J&$ J8 J/& MD& 8+  DJ15M4J186 J/J P144
6&&$ J8 & 8O&C 85& J8 ;C858J& +MJMC& 16O&DJ1.J186D 865.6&J80
C&D;86D1O&  &44  M4JMC& DMDJCJ&D?
$!
/1D C&D&C / 1D DM;;8CJ&$ R J/& J1864 &6JC& 8+ 85;&J&6 & 16
&D&C / 1816D;1C&$ J&C14# J/& P1DD J1864  1&6 & 8M6$J186#
J/& $84;/& &C34& 8M6$J186 6$ J/& 61O&CD1JR 8+ C18MC.?
: ? MC&6J# ? 8C.&# ? 8CJ# ? 8 /# ? 81 # ? 6$&C 4DJ# ? ?
M44&C# "( 2( 
# &4# LTG-?
L ? &;J1$1# ? C1;;# ?? 88C&# ? 8J/&60MJ1D/MD&C# ? &JC10163#
2( .)( 
# &+4,/# :?
K ? ? 6.4&C# ? &6# 	? ? P&&6&R# ? ? 1D /&C# !! 
# &0,# GFF?
- ? ? 1D /&C# ? 65&R#? ? 6.#  # 
# /&4# ::K7?
, ? &DD&456# ? 8DD8O&C# 
? 1C8610	C;S# ? &413JC# .  %".)(

	# $# FGKT?
G ? ? 6.4&C# ? /&&/6# 	? ? P&&6&R# ? ? 1D /&C# 1)( !!* .)(

	# ,# F?
F ? 15# ? 886# ? ? 	RPC$# .( .)( 
# $# :,7?
) 	? ? 8D/13P# ? ? 8DD&JJ1# ? M+566# ? 16$4# ? $D&6# ?
6.&4# ? ? &P1D# ? ? C5&D# ? 63# 	( "( "( %( 
# :KGF?
7 ? 6.# ? M# ? 	? 16# .  %".)( 
# +# KL),?
:T ? ? 16.# ? 	? &6# ? ? &4 458# ? ? 6.4&C# 	(  %"( .)( *(
 ).  
	# &4& # LK:K?
:: ? 1# ? 86.# 	? /&6# ? 6.# ? 1# ? /8M#  2( 
	# /# 7)G,?
4
htt
p:/
/do
c.r
ero
.ch
